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Sir: 

I, Eiji Tsuru, declare and state as follows. 

I am a citizen of Japan residing in Nagano-ken, Japan, 

I graduated and got a master' s degree in the chemistry 
{organic chemistry) from Osaka City Oniyersity, Graduate School 

of Science in March of 1998. 

From April of 1998, I have been employed by KISSEI 
PHARMACEUTICAL CO,, LTD, and I have been engaged in studies on 
the analytical .development, and on the determination of the 
physicochemical properties of a chemical compound, 
pharmaceutically acceptable salts thereof and crystalline forms 
thereof, and so on. 

I am one of co-inventors of the present patent application, 
so, I am familiar with the invention thereof. 

The Examiner stated in the Office Action dated July 27, 20P6 
as follows: 
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"Williamson specifically teaches to make a heated 
supersaturated solution of the material to be crystallized, and 
to cool the solution slowly to room temperature without disturbing 
the solution after crystallization has started in order to . 
generate crystals" {lines 2-5 on page 4) 

"if the person of ordinary skill in the art would crystallize 
the KMD-3213 generated by Yamagishi et al* or Kitaaawa et al. with 
the addition of the guidance supplied by Williamson, that ths 
person of ordinary skill in the art would generate the claimed 
invention" (lines S-Q on page 4) 

However, I consider that even if the person of ordinary skill 
in the art refer the prior art of Yamagishi et al. or Kitazawa 
et al.. together with the guidance supplied by Williamson, the 
person of ordinary skill in the art would not generate the claimed 
invention. 

In order to demonstrate that the persbn of ordinary skill 
in the art would not generate the present .a--form crystal of 
KMD-3213 from Kitazawa et al.. (USPN 5,387^ 603) or Yamagishi et 
al. (J.P07-330726A) together with Williamson (Macroscale and 
Microscale Organic Experiments 1999, pages 39 and 48-50), I and 
Mr. Kobayashi who is one of chemists in the central laboratory 
of our company performed some experiments and I will explain the 
re.sults of said experiments in detail as follows.. 

The Examiner stated regard to the guidance of Williamson 
(hereinafter defined as Williamson' s guidance) that "Williamson 
teaches the gradual cooling of a heated saturated solution to room 
temperature to induce crystallization . See pages 48-5,0 . " (lines 
13-14 on page 6) 

Q.n the other hand, the Examiner stated regarding to the 
Williamson^ s guidance as that ''to cool the solution slowly to room 
temperature without disturbing the solution after 
crystallization has started in order to generate crystals '^, 
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{lines 3-5 on page 4) 

However, this guidance is not regard to the procedure of 
the crystallization, but regard to the procedure of after the 
crystallization has started in ogder to form large crystals . That 
is, Williamson taught as follows: 

"Once it is ascertained that crystarii.zation has started, 
th6 solution must be cooled slowly without disturbing the 
container in order that large crystals can form ." (lines 6-8 on 
page 49) 

Williamson only taught regard to the procedure of the 
crystallization as follows: 

^*Once it has been ascertained that the hot solijtion la 
saturated with the compound just below the boiling point of the 
solvent/ it is allowed to c ool slowly to room temperature 
crystallization should begin immediately. If it does not, add 
a seed crystal or scratch the inside of th^ tube with a glass rod 
at the liquid-air interface. " (from line 3 from the bottojtion page 
49 to line 2 on page 49) 

That is, it is clear that the Williamson' s guidance regard 
to the crystallization are (a) cool the hot solution slowly to room 
temperature , and (b} lf the crystallization does not begin, add 
a seed crystal to the solution . I consider that the Examiner maybe 
misread th^ Williamson' $ guidance, 

I will explain that the person of ordinary skill in the art 
would not generate the present a-fortti crystal of E(MD-3213 from 
Kitazawa et al. or Yamagishi et al. whatever, even if they refer 
said Williamson' s guidance (a) and (b) above. 

First, with regard to Kitazawa et al., Kitazawa et al. 
disclosed the process for the production of an indoline compound" 
in Example 1 as follows. 
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"To a mixture of trif luoroacetic acid (0.2 ml) and methylene 
chloride (0.2ml) was added a solution of l-a.cetyl-5-[ 2- 
t lS-tert-butoxycarbonyl-2- (2~ethoxyphenoxy) ethylamino] propyl] - 
indoline-7-carboxamide {40 mg) in methylene chloride [0.2 ml) 
with stirring under ice qooling, and the jnixture was stirred at 
room temperature for 1 . 5 hours.. Tp the reaction mixture was added 
a saturated aqueous sodium bicarbonate solution, and the mixture 
was extracted with methylene chloride . The extract sjas dried av&t 
anhydrous magnesium sulfate . The solvent was concentrated under- 
reduced pressure, and the residue was purified by medium pressure 
liquid column chromatographv on silica gel using a mixture of 
methylene chloride and methanol (10/1) as eluent to give 33 mg 
of l-acetyl-S-i 2-[ ,2-(2-ethoxyphenoxy)ethylamino] propyl] - 
indoli.ne-7-carboxamide as an amorphous potyder ." 

And, Kitazawa et al> also disclosed main peaks of the IR 
spectrum of KMD-321j3 in the Table of Example 2 as compound No. 
40 at column 49 as follows :. 

"IR (cm"^): 33.8.8 (NH, OH), 3202 (NH), 1637(0=0.)" 

In order to confirm that Kitazawa et al. did not prepare 
the present ct-form crystal at all_, I performed a re-examination 
of the Example 1 of Kitazawa et al. using a pure KMD-3213 prepared 
by the improved method (The previous declaration of mine dated 
June 6, 2006, the fifth full paragraph on page 3) as a KMD-3213 
purified by a liquid column chromatography in Example 1 of 
.Kitazawa et al> as follows.. 

Experiment 1 

Re-examinatlon of the Example 1 of Kitazawa et al. (1).: 
TRPBQ139 

0.5 g of a pure KMD-3213 was dissolved in 27.5ml of amixture 
of methylene chloride and methanol (10/1) and the solvent was 
evaporated under reduced pressure on the water bath at 33 °C . The 
residual amorphous solid was collected and was determined 
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infrared spectrum (IR) of said solid according to the KBr disk 
method. 

Results: 

Main peaks of the infrared spectrum (KBr) of said solid 
Kere identical to that of Kitaz^wa et al. For the reference, the 
infrared chart thereof is attached -as Fig. 1. 

Experiment 2 

Re-examination of the Example 1 of Kitazawa et al. (2): 
TR-PB0134 

0 . 5 g of a pure KMD-3213 was dissolved in 27 . 5 ml of a mixture 
of methylene chloride and methanol (10/1) and the solvent was 
evaporated under reduced pressure on the water bath at 20 "C and 
then the residue was heated under reduced pressure at 50 °C for 
two hours . The residual crystalline solid was collected and was 
determined infrared spectrum (IR) of said solid according to the 
KBr disk method. Furthermore, I carried out an analysis X-ray 
powder diffraction of said crystal. 

Results : 

Main peaks of the infrared spectrum (KBr) of said solid 
were identical to that of Kitazawa et al. too. For the reference, 
the infrared chart thereof is attached as Fig. 2. 

Furthermore, the X~ray powder diffraction pattern of said 
crystal exhibits that of the (J-form crystal. For the reference, 
I showed the X^ray powder diffraction pattern of said crystal in 
Fig. 3. 

From the results, it is sure that Kitazawa et al. did not 
prepare the present a-form Crystal of KMD~3213, but prepared an 
stfnorphous or the* p-form crystal of KMD-321.3. 

Kitazawa et al. only disclose as a solvent for the 
purification of crude product a mixture of methylene chloride and 
methanol (10/1) using as an eluent for a column chromatography. 
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Then, I performed recrystallization of KMD-32i3 by using said 
mixture of methylene chloride and methanol (10/1) as a 
re-crystallizing solvent. As the results, I co.nfirmed that it 
cannot be perf ormed recrystallization because said solvent freely 
solves a crude crystal of KiMD-3213. 

Therefore, even if the person of ordinary skill in the art 
referred Kitazawa et al. together with Williamson, they would not 
generate the present a-form crystal of KMD-3213 wjiatever. 

Accordingly, it is clear that Kitazawa et al. only taught 
the p-form crystal of KMI>.3213 and neither taught nor suggested 
the present a- form crystal of KMD^3213 whatever. 

Second, with regard to Yamagishi et al. , Mr. Kobayashi who 
is one of chemists in the central laboratory of our company 
performed some experiments. 

For the reference, I will attach Mr. Kobayashi' s 
EXAMINATION REPORT as ATTACHMENT 1. 

Yamagishi et al. disclosed the process for the 
recrystallization of crude crystal of KMD-3213 using ethyl 
acetate as a re-crystallizing solvent In Reference Example 30 as 
follows ■ 

"A precipitated crystal was filtered and was dissolved in 
1000 ml of ethyl acetate, and the solution was dried with anhydrous 
magnesium sulfate. After the solvent was distilled off under 
reduced pressure the residue was dissolved in .360 ml of ethyl 
acetate at 7Q °C and the solution was allowed to :st.and at the room 
temperature to obtain 52. 1 g of (R) - j;-) -1- (3-Hydroxypropyl) -5- 
[ 2-[ 2-[ 2- (2,2,2,-trifuluolbetho:xy)phenoxy] ethylamino] propyl] - 
indoline-7-carboxamide wherein the melting point thereof is 
107-108 '*C," 
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And, Yaraagishi et a.i. also disclosed main peaks of the IR 
spectrum of KMD-32,13 which are identical to that of Kitazawa et 

aX. as follows, 

"IR (KBr) : vNH, OH 3388 cm"^, vNH 3202 cm'^ and vC==0 1637 

cm" " 

Mr. Kbbayashi performed a re-examination of the Reference 
Example 3Q o€ Yamagishi et al. and he reported In his EXAMINATION 
REPORT as follows: 
"a crude crystal of KMO-3213 of Yamagishi et al. is relatively 
low purity, and so in a recrystallization using ethyl acetate as 
a recrystallizing solvent, since the crystallization did not 
begin at the point of the saturated solution was cooled to room 
temperature it is needed to add a seed crystal to the solution,, 
and thus the obtained crystal is the (3-form crystal." (the first 
full paragraph on page 9) And, 

"it can be obtained the p-form crystal of KMD-3213 by 
re-crystallizing of crude crystal of iayiD-3213 of Yamagishi et al. 
using ethyl acetate as a re-crystallizing solvent according to 
the Williamson' s guidance." {the fifth full paragraph on page 3} 

That is, Mr, Kobayashi confirmed that even if performed 
recrystallization of KMD-3213 of Yamagishi et al, using ethyl 
acetate as a re-crystallizing solvent and refer to the 
Williamson' s guidance, it cannot be Dbtalned the present a-form 
crystal but the (3-form crystal. 

However Yamagishi et al. did not disclose an addition of 
a seed crystal in Reference Example 30,, it is however considered 
that they merely omitted the description of that step as a usual 
and routine step, 

Mr. Kobayashi considered from the results of a 
re-examination of Reference Example 30 of Yamagishi et ai. as 
follows: 
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"in case of a re-crystallizing of crude crystal of .KMD-~3213 of 
Yamagishi et al., any or some factor selected from the factors 
of (a) a seeding of a seed crystal, (b) impurities of contained 
in a crude crystal of KMD-3213 prepared by the Yamagishi et al. 
{hereinafter defined as impurities of Yamagishi et al.) and (c> 
a temperature of a saturated solutiojci ^t beginning of 
crystallization or a temperature of a saturated solution at a 
seeding of a seed crystal {herein after defined as a temperature 
of beginning of crystallization) maybe affect on crystallization 
of polymorphs of KMD-3213" (paragraph bridging pages 3 and 4) 

And in order to investigate any factor would affect on 
crystallization of polymorphs of .KMD-3213 in case of the 
recrystallization of KMD-3213 of yamagishi et al. , he performed 
some comparative examinations. 



Mr, Kobayashi summarized the results of said comparative 
examinations as follows; 



No. 


Code 


Impurities 
of 

Yamagishi 
et al. 


A seed 
crystal 


A temperature 
of beginning of 
crystallization 


Results 
(crystal 
form} 


(1) 


QAJG0027 
-ra2 


none 


[3 -form 


About 19 


p-form 


(2) 


QAJG0023 
-eve 


none 


^-form 


About 29 t; 


a- form 


(3) 


QAJG0024 
-3-eye 


5% 


p-form 


About 18 T; 


p-fom 


(4) 


QAJG0024 
-1-eve 


5% 


j5-form 


About 32 V- 


j3-form 



Furthermore, Mr. Kobayashi confirmed that in case of the 
recrystallization of pure KMD-S^IS by using ethyl acetate as a 
re~ery$tallizing solvent, a temperature of beginning of 
crystallization that is a temperature of a saturated solvent at 
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seeding the seed crystal may most affect on crystallization of 
polymorphs. That is, 

(1) if a temperature of beginning cf crystallization is below room 
temperature (below abou- 20 °C) it can be obtained the p-form 
crystal (comparative examination (1): QAJG0027-m2) , and 

(2) if said tempetature is high temperature (up to about 30 "C) 
it can be obtained the 0(-form crystal even if the seed crystal 
is the j3-fo,rm crystal of KMD^3213 (comparative examination (2) : 
QAJ,G0023-eve) . 

(the first full paragraph and the second full paragraph on page 
10) 

And Mr. Kobayashi further confirmed that in case of the 
recrystallization of crude crystal of KMD-3213 contained 
impurities of Yamagishi et al. by using ethyl acetate as a 
re-crystallizing solvent,, .impurities of Yamagishi et al. may most 
affect on crystallization of polymorphs and thus regardless a 
degree of a temperature of beginning of crystallization it can 
be obtained the |3-form crystal of KMD-3213. That is, 

(3) if a temper^iture of beginning of crystaliizatioh is below room 
temperature (below about 20 °C) it can be obtained the p-foriti 
crystal (comparative examination (3): QAJG0024-3-eve) , and 

(4) even if said temperature is high temperature (up to about 30 "O 
it can be obtained the [J-form crystal (comparative eKamination 
(4) ; QAJG0024-l-eve) . 

(the third full paragiraph and the fpurth full paragraph on page 
10) 

And further, Mr. Kobayashi concluded as follows: 
"in case of the recrystallization of crude crystal of KMD-3213 
of Yamagishi et al. by using ethyl acetate .as a re-crystallizing 
solvent, since impurities of Yamagishi et al. may most affect on 
crystallization of polymorphs and thus regardless a degree of a 
temperature of beginning of crystallization it can be obtained 
the 3-fprm crystal of KMD-3213" (paragraph bridging pages 10 and 
11) 
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AS stated above, regard to the procedure of the 
crystallization Williamson taught (a) (the solution) is allowed 
to cool slowly to room temperature and (b) (if the crystallization 
did not begin) add a seed crystal , that is, Williamson taught a 
method that to start the crystallization add a seed crystal to 
the solution after cooling the saturated solution to room 
teiio.peratu;i:e , 

And, said method is just a method to generate the p-forra 
crystal of KMD-3213, in case of the recrystallization of KMD-3213 
by using ethyl acetate as a re-crystallizing solvent stated by 
Mr, Kobayashi. 

And furthermore, as stated above, Mr. Kobayashi concluded 
that in case of the recrystallization of crude crystal of KMD-3213 
of yamagishi et al . by using ethyl acetate as a re-erystallizing 
solvent, impurities of yamagiahi et al. may most affect on 
crystallisation of polymorphs and thus regardless a degree of a 
temperature of ^beginning of crystallization it can be obtained 
the p-form crystal of KMD~3213. 

Thus, it is 3MXB that even if the person of ordinary skill 
in the art referred Yamagishi et al. together with Williamson, 
they would not generate the present a-form crystal of KMD-3213 
whatever. 

It is clear that Yamagishi et al. only taught the p-form 
crystal of KMD-3213 and neither taught nor suggested the present 
a-form crystal of KMD-3213 whatever.. 

Furthermore, Yamagishi et al, prepared KMD-3213 as a 
synthetic intermediate for producing the indole compound 
disclosed in Example 1. That Is, m^'-32l3 of Yamagishi et al. 
is never a subject compound of the invention. 
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Accordingly, the person of ordinary skill in the art would 
never have a motivation to attempt to modify the Yamagishi et al . 
procedure by the guidance of Williamson to generate the present 
a- form crystal of KM.D-3213 whatever. 

It is well known that polymorphism is often affected by a 
trace amount of impurities-. (Masalcx Okamoto et al., Journal of 
Chemical Engineering of Japan, vol. 37., No. 10, pp, 1224*12.31, 
2O04; ATTACHMENT 2) 

Furthermore, it is well known that polymorphism is often 
affected by a seeding of a seed crystal and a temperature of a 
solution at seeding. (R. J. Daveyetal., J. .Am. Chem. Soc, 1997, 
119, 1767-1772; ATTACHMENT 3) In that document, R. J. .Davey et 
al. stated that pure a was prepared by seeding a 20 g/L aqueous 
solution as 18 °C , pure P was prepared by unseeded 
crystallization of a . 35 g/L aqueous solution as 3-8 °C . (lines 12-14 
on page 17 69) 

Additionally, the present ot- form crystal of KMD-3213 is the 
most preferable for the Crystal for an otal solid medicament as 
regards stability and hygroscopicity {lines 16-1.9 on page 6 of 
the present specification) and the present invention is related 
to that findings.. And, both of Kitazawa et al. and Yamagishi et 
al . never disclosed nor suggested said superiority of the present 
of-form crystal of .KMD-3213 whatever. 

I believe that the present invention is novel and is never 
obviously from the prior art whatever. 

I declare further that all statements made herein of my own 
knowledge are true and that all statements made oh information 
and belief are believed to be true; and further that these 
statements were made with knowledge that willful false statements" 
and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of the Title 18 of the .United States Code 
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and such willful false statertients may jeopardize the validity of 
the application or any patent issuing thereon. 



:e Eiji Tsuru 
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ATTACHMENT 1 



INTRODUCTION 

I, Hiroaki Kobayashi., am a citizen of Japan residing in 
Magano-keh, Japan, i graduated and got a master' s degree in the 
Engineering (Materials Science and Chemical Engineering) from 
.yokohama National University., Graduate School of Engineering in 
March of 1.993. From April o.f 1993> I have been employed by KISSEI 
PHARMACEUTICAL CO . , LTD, and I have been engaged in studies on 
the research and development of a chemical compound. 

In order to confirm that whether the present ot-f orm crystal 
of KMD-3213 is produced or not by recrystallization of crude 
crystal of KMD~3213 prepared by a procedure of Reference Example 
30 of Yamagishi et al. ( JP07-330726A) (hereinafter defined as 
KMD-3213 of Yamagishi et al.) using ethyl acetate as a 
recrystallizing solvent referring Williamson (Macroscale and 
.Mlcro.3cale Organic Experiments 1999, pages 39 and 48-50), I 
performed some experiments and I will explain the results of said 
experiments in detail as follows. 

Yamagishi et al. disclosed the process for the production 
of KMD-3213 and the process for the recrystallization of said 
crude crystal of K14D-3213 using ethyl acetate as a recrystallizing 
solvent in Reference Example 30 as follow..s, 

"To a solution of 10.9 g of (R) - (-) -1- ( 3-Benzyloxypropyl) ~ 
5-[ 2-[ 2"[ 2- (2,2,2, -trifuluoloetho.xy)-phenoxy] ethylamino] 
propyl] indoIine-7-carboxamide in 550 ml of ethanol, 7.1 g of 10% 
palladiuiti carbon and 292 ml of .lN-hydrochroli.C acid were added 
under ice-cooling with stirring and the mixture was reacted under 
a hydrogen atmosphere for 3 hours. After completion of the 
reaction, the catalyst was filtered off and the filtrate was 
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concentrated under reduced pressure. To the residue 1000 ml of 
ion-exehanged .added and the solution was washed 3 times with 250 
ml of ethyl acetate. The aqueous solution was adjusted to pH 8 
by adding 250 ml of 10% sodium carbonate aqueous solution under 
ice-cooling with stirring and the solution was stirred for 18 
hours at the room temperature. A precipitated crystal was 
filtered and was dissolved in lOOD ml of ethyl acetate, and the 
solution was dried over anhydrous magnesiuin sulfate . After the 
solvent waa distilled off under reduced pressure the residue was 
.dissolved in 360 ml of ethyl acetate at 70 and the solution 
was allowed to stand at room temperature to obtain 5211 g of 
(R) - {-) -1- .(3-Hydro.xypropyl) -5-[ .2-[ 2-[ 2- (2,2,2, -trifuluolo 
ethoxy) phenoxy] ethylamino] propyl] lndolihe-7-carboxaraide 
wherein the melting point thereof is 107-108 tl." 

I prepared (R) - {-) -1- (3-Benzyloxypropyl) -5-[ 2-\ 2-[ 2- 
(2, 2, 2, -trifuluoloethoxy} -phenoxy] ethylamino] propyl] indoline-* 
7-carboxamide as a starting compound of Reference Example 30 
according to the process of Figure 1^ and I performed a 
re-exawination of the Reference Example 30 by employing said 
compound , 

On the other hand, Williamson disclosed a usual and basic 
procedure for crystallization and stated regard to crystallizing 
as follows: 

(1) "Once it has been ascertained that the hot solution is 
saturated with. the compound just below the boiling point of the 
solvent, it is allowed to cool slowly to room temperature. 
Crystallization should begin immediately. If it does not, add 
a seed crystal or scratch the inside of the tube with a glass rod 
at the liquid-air interface." (from line 3 from the bottom on page 
48 to line 2 on page 49) 

(2) "'Once it is ascertained that crystallization has 
started, the solution must be cooled slowly without disturbing 
the container in order that large crystals can form." (lines 6-8 
Oh p&ge 49) 
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However, second guidance is not regard to the procedure of 
the crystalllzstion, but regard to the procedure of after the 
crystallization has started in order to form large crystals . 

Accordingly, Williamson' 3 guidance regard to the 
crystallization is ojily the first guidance and said guidance 
having two points of (a) hot solution is allowed to cool slowly 
to room temperature and (b) if the crystallization does not begin, 
add a geed crystal to. the solution . 

Therefore/ I referred Said two points aS the Williamson' s 
guidance on re-examinatioti of Reference Example 30 of yamagishi 
et al. 

Furthermore, I employed the p-form crystal of KMD'-.3213 as 
a seed crystal. Because Mr. Tsuru confirmed that Kitazawa et al. 
would be prepared the (5 -form crystal of KM'p-3213, thus I consider 
that Yamagishi et al. itiaybe stoGked the jS^-form crystal of kmd-3213 
at the time said invention was made. 

As the results of said re-examination of the Reference 
Example 3.0 of Yamagishi et al. , I confirmed that it can be obtained 
the :|3-form ctystal of KMD- 3.213 by recrystallixing of crude crystal 
of KMD~3213 of Yamagishi et al. using ethyl acetate as a 
recrystallizing solvent according to the Williamson' s guidance. 

And from the results that by recrystallizing of crude 
crystal of KMD'-321.3 of Yamagishi et al. using ethyl ..acetate it 
cannot be obtained the ot-form crystal of KtlD'-3213, but can be 
obtained the jJ-form crystal of KMD-3213, I considered that in case 
of a recrystallizing of cafude crystal of KMD-3213 of Yamagishi 
et al,, any or some factor selected from the factors of (a) a 
seeding of a seed crystal, (b) Impurities of contained in a crude 
crystal of KMD-3213 prepared by the Yamagishi et al. {hereinafter 
defined as impurities of Yamagishi et al.) and {c) a temperature 
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of a saturated solution at beginning of crystallization or a 
temperature of a saturated solution at a seeding of a seed crystal 
{herein after defined as a temperature of beginning of 
crystallization) maybe, affect on crystallization of polymorphs 
of KMD-3213. 

Then, in order to investigate any factor would affect on 
crystallization of polymorphs of KMD~3213 in. :case of the 
recrystalliiation of KMD-3213 of Yamagishi et al. by using ethyl 
.acetate as a rpprystallizing solvent, I performed some 
CDmparative ex:aminations of a recrystallization of KWD-3.213 using 
ethyl acetate as a recrystallizing solvent, by employing KMD-3213 
prepared by a procedure of Figure 2 (herein after defined as the 
imprbved method) as a pure KMD-3213 and a concentrated residue 
of the filtrate of the recrystallization of a crude crystal of 
KMD-3213 of Yamagishi et al. in the above re-examination of 
Reference Example 3D of Yamagishi et al. as impurities of 
Yamagishi et al, . 

J will explain the Experiments and the results thereof in 
detail as follow.s. 



EXPERIMENTS 

Experiment 1 

Re-examination of the Reference Example 30 of Yamagishi et al , : 

QAJGO 014^1 

To a solution of 12.45 g of (R) - (-) -1- (3-Benzyloxypropyl) ~ 
5-[ 2-[ 2-[ 2- (2, 2, 2, -trifuluoloethoxy) -phenoxy] ethylamind] 
propyl] indoline~7-car.boxainide in BS ml of ethanol, 1.25 g of 10% 
palladium carbon and 51.0 ml of IN-hydrochrolic acid were added 
under ice-cooling with stirring and the mixture was reacted under 
a hydrogen atmosphere for 3 hours. 
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After completion of the reaction, the catalyst was filtered 
off and the filtrate was concentrated under reduced pressure. To 
the residue 170 ml of ion-exchanged added and the solution was 
washed 3 times with 50 ml of ethyl acetate. The aqueous solution 
was adjusted to pH 8 by adding 5.63 g of sodium carbonate under 
ice-cooling with stirring and the solution was stirred for 18 
hours at room temperature, A precipitated crystal w&S filtered 
and dissolved in 170 ml of ethyl acetate, and the solution 
was dried over anhydrous magnesiuin sulfate. The solvent was 
distilled off under reduced pressure to obtain a crude crystal 
of KMD-3213 of 12.45 g. 

12.45 g of the crude crystal of KMD-3213 above obtained 
was dissolved in about 74 ml of ethyl acetate with heating on a 
water bath at about 70 °C and the solution was cooled to room 
temperature (about 17-5 "C; the temperature of the solutionis 
about 21.6 ^C) . Since the crystallization did not begin, a seed 
crystal was added td tho solution according to the Williamson' s 
guidance and then the solution was allowed to stand at room 
temperature over night. The precipitated crystals were 
collected by filtration (7.93 g) . 

It was carried out an analysis X-ray powder diffraction 
of said crystal and it further determined infrared spectrum (IR) 
of said crystal according to the KBr disk method. 

Results : 

The X-ray powder diffraction pattern of said crystal 
exhibits that of the p-form crystal. For the reference, I showed 
the X-ray powder diffraction pattern of said crystal in Figure 
3. 

And the main peaks of the infrared spectrum (IR) of said 
crystal are identical to that of Yam^agishi et al. For the 
reference, the infrared chart thereof is attached as Figure 4. 

From the results, it is sure that by recrystallization of 
crude crystal of KMD-3213 of Yamagishi et al. using ethyl acetate 



5 



as a recrystallizing solvent and according to Williamson' s 
guidance it can be pfctained the |J~fqnu crystal qf KMp-3213, 

Experiment 2 

Comparative examinatipn. of recrystallizatiQn of KMP-3213(1); 
Q.AJGQQ27-m2 

5.0 g of a pure KMD-3213 was dissolved in about 60 ml of 
ethyl acetate with heating and the solution was cooled to that 
the temperature of the solution is about 19 and a seed crystal 
was added to the solution and then the solution -was allowed to 
stand at room temperature over night. The precipitated crystals 
were collected by filtration. 

It was carried out an analysis X-ray powder diffraction 
of said crystal and it further determined infrared spectrum (IR) 
of said crystal according to the KBr disk method. 

Results: 

The X-ray powder diffractio;i pattern of said crystal 
e?£hibits that of the |3-form crystal, ^or the reference, I showed 
the X-ray powder diffraction pattern of said crystal in Figure 
5. 

And the main peaks of the infrared spectrum (IR) of said 
crystal are identical to that of Yamagishi et al- For the 
reference., the infrared chart thereof is attached as Figure 6. 

Experiment 3 

Comparative examination of recrystallization of KMD-3213 (2); 
QAJG0023-eve 

5.0 g of a pure KMD-3213 was dissolved in about 60 ml of 
ethyl acetate with heating and the solution was cooled to that 
the temperature of the solution is about 29 °C and a seed crystal 
was added to the solution and then the solution was allowed to 



stand at rOom temperature over night. The precipitated crystals 
were collected by filtration. 

It was carried out an analysis X-ray powder diffraction 
of said crystal aiid it further determined infrared spectrum (IR) 
of said crystal according to the KBr disk method. 

Results: 

The X-ray powder diffraction pattern o£ said crystal 
exhibits that of the a-form crystal. For the reference, I showed 
. the X-ray powder diffract idn pattern of said crystal in Figure 
7.. 

And the main peaks of the infrared spectrum (IR) of said 
crystal are that of the a- form crystal. For the reference> the 
infrared chart thereof is attached as Figure 8. 



Experiment 4 

Comparative examinatioh of recrystallization of KMD-3213 (3) : 
QAJG0024-3-eve 

A rtiiKture of 5.0 g of a pure EnMD~32.13 and 0.25 g {5%) of 
impurities of Yamagishi et al. was dissolved in aijout 60 ml of 
ethyl acetate with heating and the solution was cooled to that 
the temperature of the solution is about 18 and a seed crystal 
was added to the solution and then the solution was allowed to 
stand at room temperature over night . The precipitated crystals 
were collected by filtration. 

It was carried out an analysis X-ray powder diffraction 
of said crystal and it further determined infrared spectrum (IR) 
of said crystal according to the KBr disk method. 

Results: 

The X-ray powder .diffraction pattern of said crystal 
exhibits that of the p-form crystal. For the reference, I showed 
the X-ray powder diffraction pattern of said crystal in Figure 



And the main peaks of the infrared spectrum (IR) of said 
crystal are identical to that of Yamagishi et al. For the 
reference., the infrared chart thereof is attached as Figure 10. 



Experiment 5 

Comparative examination of recrystallization of KMD^3213 ,(4) : 
QAJG0024-l-eve 

A mixture of 5.0 g of a pure KMD~321.3 and 0.25 g (5%] of 
impurities of Yamagishi et al. was dissolved in about 60 ml of 
ethyl acetate with heating and the solution was cooled to that 
the temperature of the solution is about 32 and a seed crystal 
wa^s added to the solution and then the solution was allowed to 
stand at room temperature over night. The precipitated crystals 
were collected by filtration. 

It was carried out an analysis X-ray powder diffraction 
of said crystal and it further determined infrared spectrum (IR) 
of said crystal according to the KBr disk method. 

Results: 

The X-ray powder diffraction pattern of said crystal 
exhibits that of the ^-form crystal. For the reference, I showed 
the X-ray powder diffraction pattern of said crystal in Figure 
12. 

And the main peaks of the infrared spectrum (IR) of said 
crystal were identical to that of Yamagishi et al. For the 
reference, the infrared chart thereof is attached as Figure 13, 
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RESUiTS AND DISCDSSION 

As the results of the re-examination of the Referenda 
Example 30 of Yamagishi et al., I confirmed that a crude crystal 
of KMD-3213 of Yamagishi et al. is relatively low purity, and so 
in a recrystallization using ethyl acetate as a recrystallizing 
solvent, since the crystallization did not begin at the point of 
the saturated solution was cooled to room temperature it. is needed 
to add a seed crystal to the solution, and thus the obtained ^crystal 
is the p-form crystal. 

From the results, it can be assumed that any Or some factor 
selected from the factors of {a) a seeding of a seed cirystal,. (b) 
impurities of Yamagishi et al. and (c) a temperature of beginning 
pf crystallisation may affect on crystallization of polymorphs 

of KMD-3213 of Yamagishi et al. using ethyl acetate as a 
recrystallizing solvent. Then, in order to investigate any 
factor would affect on crystallization of polymorphs of KMD-3213 
of Yamagishi et al. by using ethyl acetate as a recrystallizing 
solvent, I performed some comparative examinations of a 
recrystallization of KMD-3213 using ethyl acetate as a 
recrystallizing solvent, by employing a pure KMD-3213 prepared 
by the improved method) and impurities of Yamagishi et al, which 
is a concentrated residue of the filtrate of the recrystallization 
of a crude crystal of KMD-3213 of Yamagishi et al. 
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As the results of the comparative examiiiations, I confirmed 
that in case of the recrystallization of pure KMD-3213 by using 
ethyl acetate as a recrystallizing solvent, a temperature of 
begxrming of crystallization may most affect on crystallization 
of polymorphs. 

That is, (l)if a temperature of beginning of 
crystallization is below room temperature (below about 20 °C) it 
can be obtained the p-f orm crystal (comparative examination (1) : 
QAJG0027-m2) , and (2) if said temperature is high temperature (up 
to about 3D "O it can be obtained the a-form crystal even if the 
seed crystal is the p-fortn crystal of KMD-3213 (comparative 
examination (2) : QAJG0023-eve) . 

On the other hand, I confirmed that in case of the 
recrystallization of crude crystal of KMD-3213 contained 
impurities of Yamagishi et al. by using ethyl acetate as a 
recrystallizing solvent, impurities of Yamagishi et al* may most 
affect on crystallizatiQn of polymorphs and thus regardless a 
degree of a temperature of beginning of crystallization it can 
be obtained the p-form crystal of EgyiD-3213. 

That is., (3) if a temperature of beginning of 
crystallization is below room temperature (below about 20 °C) it 
can be obtained the p-form crystal (comparative examination {3) : 
QAJG0024-3-eve) , and (4) even if said temperature is high 
temperature (up to about 30 'c) it can be obtained the (3-form 
crystal (comparative examination (4): QAJG002 4-l-eve) . 

Accordingly, I concl-uded that in case of the 
recrystallization of crude crystal of KMD-3213 of Yamagishi ^et 
al. by using ethyl acetate as a recrystallizing solvent, since 
impurities of Yamagishi et al. may most affect on crystallization 
of polymorphs and thus regardless a degree of a temperature of 
begrinning of crystallization it can be obtained the p-form crystal 
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of KMD-3213. 

That is, it is sure that in case of the recrystallization 
of crude crystal of KMD-3213 of Yamagishi et al. even if referring 
the Williamson' s guidance it cannot be obtained the present a-f orm 
crystal of KMD-3213, but can be obtained the |5-form crystal. 
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Figire 2 

Synthetic route of I4MD-3213 (crude crystal) of Re-examinaliwi of the pnawnt Example 1 
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Tbeelftcl? of sera Wwdp nf impnritiM on IhewlyaBt-mediated transformatioB of crystal polymorphs 
vf a drag ss«iStaiice wore trnverilgBtod. AEl-923 was developed for an indScatlMi of pollakinria 

ani nail It kai tfercE polymorph*, mawely tfae DastaUe A-form, the metastable B-form and the 
■table eftnn. Tba ImpnrifiliM tested were tto stecBBgicempoBBds, the reactioa reageots and the inter- 
^tetsHa the^tfcMh Bf AK1-W3. One of the impnritSei, an intermediate AE1-923M1 (methytesf er of 
A9U-923i), faUlBfed the sotvant-iaediated pfllywoiph trai»Ii»ri»»ti«i of the B-foroi to the C-form, aU 
thoneh the traaBfo^mathm of the A-fOr<o to tlie B-form wa* aot iaUUted. TM «U>er imparities had no 
ellkidaD the hrast«p» of ptrfymor^ transfbimation. The inhibifniry *ffept of ABi-923ME fliat was evalu- 
ated by the overall tnmdbrnialiDn rate extant it, jcxp^aentlaUy taoreased irttli an Ijuijca^ in theconcen^ 
tratlon of AB1-923ME. AE1-«3MI! of D.5 wt% epmpietely Bnpprewed the ancleation af the stable 
O-ttVm uysbls. Hiovfwer, crystal growth ef the C-foim Wi 



IntBTodDclipn 

In the maiQufachiring of phaimaceuticals, polymor- 
phism of crystals must be strictly controUed, because 
it significantly influences the bioavailability of a drug 
(Yokoyama et al, 1981; Audran et aU 1988). Impu- 
rity is one of the important factors in control of crystal 
polymorphism. Polymorphisni is often affected by a 
trace an^ount of impurities {Davey, 1997; Domopoulou 
1998). Many drug substances are synthesized through 
many reactions, It means that many kinds of chemi- 
cals, nfl*»ely raw materials, intermediates, by-products, 
etc., may be remained in the solution of final product 
as a trace amount of impurities. Therefore, it is impor- 
tant to understand liie effects of the impurities on ap- 
pearance of crystal polymorphs. However, there have 
not.heen so many reports with respect to ttie cfEsct of 
impurities on flue crystaillizatjon pf poly moiphs of drug 
substances (Kutoda et al, 1979; Kato et al., 1981). 

The aims of this report aire to show and to discuss 
an example that an intermediate in the synthesis of a 
drug substance inhibited the solvent-mediated trans- 
formation of crystal polymorphs of a final product. In 
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the present study, a drug substance AEl-923 (4-[[2- 
[JV.(5-Methylfuran-2-sulfonyl)-JV-isopropylamino]-5- 
(trifluoTo-metiiyl) phenoxy] methyl] benzoic acid) was 
crystallized. AEl-923 was developed for an indication 
of pollalsiuria and p^. It has three crystal polymorphs 
in a mixc4 solvent of eliipnol and water, namely the 
unstable A-fonn, the metastable B-form and the stable 
&foiin (Ofcaimito e/a/., 2004). The A-form transforms 
to tiie C-forta througb the B-form and fhe transfonna- 
tion was piomttted wi& to increase in the crystalliza- 
tion temperature and the etbanol ratio of m etha- 
nol-water mixed solvent (Ofeamoto et ah, 20D4). 

1. Experimental 

1.1 Materials and identification of polynaorphs 

AEl-923 and its synthetic intermediates shown in 
Figure 1 were provided by Ooo Pharmaceutical Co., 
Lid. The chemical purity of AEl-923 assayed by HPLC 
was higher than 99.7% and no impurity was contained 
at the level exceeding 0.1%. The chemical purities of 
other substances relating to ttie synthesis of AEl-923, 
which were used as impurities, were higher than 97a>. 

The other chemicals used were of tiie reagent 
grade and purchased from Wako Pure Chemical Indus- 
tries, Ltd. Water used was of the manttfacturing-grade 
^laranteed in the drug manufacturing specification. It 
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^ i-PrOHftfaOH ^ HjC-^pH, 

1 ABl-SZ^ A&1^92SNI 



"''TY'''' n ^^^^ ^^^^ 



SyntitesisofiSBI-923 



was ftiUy porapliant with the drag manufacturing stand- 
ard and its quality was guaranteed. An ethaaol-water 
mixed soivent was prepared. la this paper, a mixed sol- 
vent containing N yoliinie-% etfaanol is expressed as 
N%~& solvent, for example 6D%-E solvent 

Polymorpbs were idendfied by IR spectroscopy 
(in situ-FTTR. Model ReactIR 1000, ASI Applied sys- 
tems Inc.). Figure 2 presents the characterisljc HI ab- 
sorption spectrum from 850 to 900 cm"' of eaph crys- 
tal polymorph of AEI-923. The different polymorphs 
could he i^stinguished from their peak intensities, 
namely at 880, 870, and 860 cm"' for the A-, the C-, 
and tiiB te-forms, respect ively. IR spectroscopy was also 
used to deteimise Oie composition of the polymoipfas, 
where tije limit of d^tection of potymotpb wqfi approxi- 
mately 5%. 
1.2 Solubility 

Using the in situ-FTlR system (Okamoto et al., 
2004), solubility of three kinds of polymorpliic crys- 
tals of AEl-923, namely the A-, B-, and C-form crys- 
tals were rneasured in a 60%-E solvent. The solubility 
of crystals of aa intermediate compound AEI-923 MB 
(methylester of ABl-923) was ^so measured in the 
same condition. 

J.3 Crystaiiizatioa and effects of impwiliies On the 
solvent-mediated transformation of the A-form 

to the C-fof m 

The poor solvent crystallization of AEI-923 was 
carried out in the presence and absence of impurities. 
A jacketed cylindrical glass vessel of ^0 mL with an 
a^tator was used as a crystallizer (Okamoto et al.. 
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Fig. 2 IR spectra of ^lee polymoiphs of ABl-923 crys' 
tals 



2004). The crystallization was separated into three 
steps, namely the first step was the exclusive forma- 
tion of the A-form crystals not containing the B-form 
and the C-fonn crystals, the second step was the trans- 
fonnation of the A-fOnn to flie B-fotm, and die fliird 
step w^ the transformation of the B^form to the C'^ 
form. 

First, the unstable A-from crystals were exclu- 
sively precipitated as follows (Okamoto e? al, 2004), 
105 niL or50%-E solvent was placed in the crystallizer 
atO°C. 15 g of AEI-923 was separately dissolved in 
75 mL of ethanol at 35°C. The who!« solution was 
added to the solvent in the crystaiiizer under stirring 
at 300 Tpm. The precipitation of the A-form crystals 
was continued for 30 min, where the temperature of 
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coolant circuSating through the jacket was controlled 
at Q°C and the working coacentration of ethanol was 
70%. Hie A-fpijn carystaji* did not trattsform to the B- 
fonn diMing the precipitation. We Separately confiinied 
no transformation to the B-fonn withio at least 24 h. 
No transformatioa is due to a low crystallization tem- 
perature (Okamoto et ah, 2004). Second, tbe solvent- 
mediated transforination of the A-fonn to the B-fonn 
was started as follows. He ethanol concentration of 
slurry of the A-form crystals prepared above was de- 
creased to prevent the direct and uncontrolled rapid 
transformation to the stable C-forra, Namely, 7.5 mL 
of ethanol and 37.5 niL of water were added to the 
slunry for adjustijig the ethanol cgnccntration to 60%. 
Then the tempexatnre of the slqrry was raised to 45°C. 
Part of the sluiiy was pipetted at regular intervals and 
filtered witii a 0.4^ fOfi membrane filter. The crystals 
recovered were dried at 40°C under reduced pressure 
and thek ciystal polymorphs werje amalyzed by FTIR. 
Third, &e aolveat-mediated tiansfonDatioti of iisc B- 
form to ttie C-fonji was jslaited by raising the stony 
temperature of the B-form crystals from 45 to 60°C. 

The effects of impurities on the solvent-mediated 
transfonnation of AEl-923 crystals were examined as 
follows. Seven kinds of impurities shown in Figure 1 
were used, namely the starting material (1), the reac- 
tion reagents (2, 3) and the reaction intermediates, 
AE1-923SA, AE1-923NI, AE1-9230H, AB1-923ME. 
An impurity was added to the AEl-923 solution be- 
fore mixing with 105 ml. of 50%-E solvent placed 
in flie crystMllitet. The impurity concentration -was 
0.5 wt% WL a basis of the wel^t of AEl-923 used. 
Precipitation of the A-form crystals and the transfor- 
matioQ.of the A-form to the B-fonn and the transfor- 
mation of thp B-fonn lo the C-form were evaluated. 
1.4 The effect of AE1-923ME on the solvent-medi- 
ated traBsforniatMiB nf Ijte B-formt to the C- 
form 

SmceABl-923M£ inhibited die solvent-mediated 
transformation of the B-form to die C-form 2& described 
later, several experiments were conducted to under- 
stand which processes were iiihibited by AE1-923ME 
among three process of the transformation, namely dis- 
solution of the B-form crystals, nucleation and crystal 
^owth of the C-form crystals. 

First, the dissolution rate of the B-form crystals 
was compared between in flie absence and the pres- 
ence of AB1^923MR A225 mLof 60%~E solvent was 
placed in a glass vessel of 500 mLand rmsed to 60°C. 
Then 15 g of the B-form crystals of AEl-923 was added 
under stiiring at 300 rpm. The change in the concen- 
tration of AEl-923 was continuously measured with 
an in stiu-FTIR system. Wheal dissolution rate was mea- 
sured in the presence of AE1.923ME, 75 mg (0.5 W:t%) 
of AEl -923ME was dissolved in the solvent. 

Second, in order to understand ttie effect of AEi- 
923ME on nueteation and crystal growth of the C-form 
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Fig. 3 Soluhilhy cunres of ABl-923 ciystals and AEl- 
923MB in 60%-B solvent 



crystals, the effect of the thnmg of impurity addition 
on the solvent-mediated transformatiofi was hivosfi- 
gated. 0.5 wt% of AE1-923ME was added to the slurry 
of the B-form crystals before or after starting the trans- 
formation of the B-form to the C-form. 

Third, the effect of AE1-923ME on the growfli of 
tbe C-form crystals was investig^ed by using seed 
crystals of the G-fonn m (he presence of AEl -923ME. 
The C-form seed crystals of 24 wt% against the poten- 
tial amount of precipitation of AEl-923 were added to 
the slurry of the B-form pre-incubated at 60°C for 2 h 
in Ihe presence of 0.5% AE1-923ME. Two kmds of seed 
crystals differing in size were used, namely 16 and 1.4 
lim in average particle diameter. The latter was pre- 
pared by grinding die former. The particle size was 
determined by the laser reflection method (FBRM, 
Lasentec Co. Ltd.). Other ciystallizaticMi operation was 
the same as that mentioned ^ove. 

2. Results md Bisciiission 

2.1 IdeitttSiEStlon of the impaiitjr aCTecthtg the sol* 

vent-mediated transfonnation of the A-form of 

AK 1-923 crystals to the C-form 

AE 1-923 consists of a benzoic derivative contain- 
ing tjifluoromethylphenyl group and a methylfuran- 
sulfonyl group, whose synthesis scheme is shown in 
Figure 1. Crude product was obtained by crystalliza- 
tion after hydrolysis of AE1-923ME. All intermediates 
of AEl-923 were crystalline solids. 

As described above, ABl-923 has three crystal 
pqlyjnori^s in a ethanol-water mixed solvent, namely 
the unstable A-form, the mctaslable B-fonn and the 
stable C-fonn. The solubility of each cty stal polymorph 
in 60%-E solvent is presented in Figure 3. Bach value 
was an average of three experimentd data that agreed 
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Table 1 



The ejects of mxpnrilles on die SDlvent-medtated transfonnatioB of 

AEl.-9a3ME crystals 



Iinpraities Sfect od the Effect on the transfottnation* * 

precipitation** 

(0.5wt%>* A^foim Arfbim^B-foon B-ftwro -» C-forni 

Compcimd 1 
Compomd2 
Compounds 
AE1-923SA 
AB1-923NI 
AE1-923QH 
AE1-923ME 

*tlie ratio of impurities to AEl-923 
**x. Dot aSected; O, inhibited 




within a 2% error. IR analysis confiimed that the trans- 
formation of crystal polymorphs did not proceed dur- 
ing the measarement of solubility. The solubility of 
die unstable A-form was two or three times larger than 
that of the other two polymorphs. The solubility of the 
B-form is close to that of the C-form. The solubihty 
curves of the B- and C-fotms showed an eDantiotxopic 
system. Namely tibie solubility curves of the two fonns 
crossed at aceitma temperature near 6S°C. 

When purified AEl-923 was used in the poor sol- 
vent crystallization, the reproducible experimental data 
were always obtained. For example, in the crystalliza- 
tion at 40°C in 60%-E solvent, the consecutive trans- 
formMon of the A-fonn to the C-form via the B-fprm 
was always completed within 3 h (Okamoto et al, 
2004). However, when cnide ABl-9jS was used, the 
crystallization was not reproducible. Namely, the re- 
covery of each polymorph was different case by c^. 
For example, when the crystallization was carried out 
in 50%-B solvent at 40°C for 5 h, the B-form ratio of 
product crystals changed between 0. 1 and 1 .0 (data also 
not shown). The B-form ratio of 1.0 means that the 
solvent-mediated transformation of the B-fonn to the 
C-form did not progress. This result suggested that 
oerttun impurities inhibited the solvent-mediated trans- 
formation of the B-form to the C-fonn. 

We attempted to identic tiie imiwiitiess albfecting 
the solvent-mediated transformation of ABl-923 
polymorphs. The impurities should be the chemicals 
included in the synthesis process shown in Figure 1, 
The substances examined as impurity were 7 kinds of 
chemicals listed in Table 1. Their efflfe.cts on the con- 
secutive solvent-mediated transformation of (he A-fotm 
to the C-fonn via the B-fonn were examined. First, as 
mentiioned in the experimental section, flie A-fonn crys- 
tals were precipitated by poor solvent operation in the 
presence of impurities and then the consecutive trans- 
formation to the C-fprm ciyatals was started by add- 



ing etfaanoi to the slurry of the A-form crystsQs and 
raising temperature to 45 °C, The experimental results 
obtained for 7 kinds of impurities were summarized in 
Table 1. All impurities showed no effect on the pre- 
cipitation of the A-form Crystals as long as it was evalu- 
ated from the amount of the A-form crystals recovered. 
Namely, in all cases, the whole amount of A-form crys- 
tals potentially expected fiom the solubility was re- 
covered after 30 min-atystailizatiott. The transforma- 
tion of the A-fonn to the B-form also was not affected 
by any impurity examined. Namely, in all cases, the 
A-fonn crystals completely transformed to the B-form 
cry stals through 30 min-incubation of the A-form crys- 
tals at 45°C in 60%-E solvent. The transformation of 
the B-form to the C-fonn was inhibited by an intenne- 
<Uate AE1-923ME as shown in Table 1 and Flgiire 4. 
AE1-923ME is a reaction precursor of AEl-923. O.S 
wt% of AE1-923ME completely disturbed the trans- 
formation of the B-form to the C-form. This result sug- 
gested tihat the fluctuation of the B/C polymorph ratio 
obtained in the crystaUization of civde AEl-923 was 
caused by a trace of AE1-923ME remained in the cry s- 
tallization solution as an impurity. Indeed, as Figure d 
also shows, the solubility of AE1-923MB is high 
enough to contaminate a crystallization solution. 
2.2 The effeet of Oie AE1-923ME c^ncentrgtlDn and 
temperature tfn the solvent-mediated transfoi^ 
inatioB »f the B-form to the C-form 
The effect of the concentration of AE1-923ME on 
its inhibitory effect in the transformation of the B-form 
to the C-fonn was investigated at 60" C using 60%-E 
solvent. Since the .transformation of the A'fonu to the 
B-form was not influenced AEI-923ME at all as 
mentioned above, the transformatitm was started from 
the A-form crystals to fix the starting Condition of the 
transfonnation of the B-form to the C-fonn described 
in the experimental section. The concentr^on of AE 1 - 
923ME Wis changed from 0.05 to 0,5 wt% and the 
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Big. 4 The effects of AB1-923ME on the transformation 
of the A-form to tte B-fprai and that of the B-fonn 
to the C-form in 60Si-E solyenl at 45°C 



inhibitory effect was evaluatjed by a timc-depeadeiicy 
of the weight ratio of the C-fmnn crystals, X^, defined 
byEq.(l). 

X^=W^(W^ + W^) (1) 

where and W^. are the weights of the B-from crys- 
tals and the C-form crystals contained in product crys- 
tals, respectively, lii Eq. (1), the weight of flie A-forin 
crystals is not included, because all the A-form crys- 
tals transfonned to the B-fonn ctystais. 

Figure S(a> pfesents changes in X^, Usually, the 
tran^fonnation time rls originated at the begimiing of 
crystallization of the metastable polymorph, but in the 
present work the transfonnation time "zero" was set at 
the time when the temperature began to increase to 
60°C to start the transformaMon as mentioned in ex- 
perimeatal section. Figure 5<a) shows that the trans- 
formation started without any waiting timis and that 
the larger the concentration of Afil-923ME, the more 
strongly the transformation was inhil^ted, while the 
transformation was completed within 30 min in llie 
absence of AE1-923ME. ABl-923MEor0.5 wt% com- 
pletely inhibited the transformation. 

Quantitative evaluation for the solvent mediated 
traasformatton of the B-form to the C-form was at- 
tempted, A solvent-me^ated transformation consists 
of thi$te processes: i) the oudeation of the stable form; 
■ui) the crystal growth of the stable form; iii) the disso- 
lution of the metastable form.. When the crystal growtfe 
of the stable form is a rate-determining step and the 
growth rate is proportional to tfie crystal surface ansa, 
changes in the weight ratio of tiie C-form crystals, X^, 
can be expressed by, 

dXJdt = kX^^x) (2) 




II S 10 IS 20 25 
/p.] 



Fig. 5(a) The effects of the AE1-923ME concentration on the 
rate of transformation of the B-fbrm to the C-form 
in 60%-E solvent at fiCC 
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Fi^.5(b)Reanraiigement of the data presented in Figure 5(a), 
Relationship between X^"' and tianaf ormation time 
tia the soiveptrinediated transfonnation of the 
B-fQrm to the C-form 



where * is the transfonnation time (Sudo et al., 1991). 
The A is the rate constMit andyfjt) is the driving force 
for crystal growth of the C~form. For instance.^Jc) may 
be the n-xh powered AC that is the difference ijj solu- 
bility between the B-form and the C-form. Prom the 
integration of Eq. (2), we obtain, 

x^.'" = A(f-e) o<t<e, Zc = o o) 

where \ is the overall transformation rate Constant arid 
equal to l^x)/3. The 0 is the waitmg time for nuclea- 
tion of the stable C-foim. Since in the present work, 
no waiting time was observed, 8 should be zero. The 
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Tiible 2 DejMHndeiiGy of the oveirall traos- 
fonnation rate ccmstaot ft. on the 
concentration of AEl -923MB at 
50 and 6G°C 



Impurity At tli"^' ] 



AEI -923MB 



50°C 601C 

'O — — - ^ 0.83 

0.05 — 0.51 

0.075 — 0.21 

0.1 0.077 0.12 

0.2 0 0.029 

0.25 o.m 

0.5 — 0 



*based on the concesntradoa of ABl-923 



rate of transformation varies depeadiiig on ttie agita- 
tioii rate and temperature (Maruyama etal.,1 999), and 
contamination with impurities as described in the 
present work. Those influences are expressed in the 
overall transformation rate con&tant, k^. This equation 
has been frequently used to express the transforma- 
tion rate of polymorph (Maruyama and Ooshima, 
2000), Figims 5(a) was rearranged by Eq. (3) and (he 
resBlts were presented in FiguTe 5(b). Linear relatioa- 
ships 1)etween Xi^*'^ and t weie obtained. The linear ie-> 
lationstup indicates that the rate-determining step of 
the transformation is crystal growtii of the stable C- 
form crystals. However, those straight lines did not 
concentrate in the origin expected from no waiting time 
for nucleation of (be C-f orin crystals (namely, 0 - zero) , 
but may concentrate in one point on the vertical axis 
(X^^" = 0.35), The valne of 0,35 in JSQ."^ corresponds to 
0.042 in Since the value is negligibly small, we 
estimate that this may be caused by experimental er- 
rors. The possible enors include an analyticai error of 
polymorphs by JR spectroscopy and a possibility that 
the B-form crystals might have contained the C-foim 
ci^stals less than 5 wi% before starting the transfor- 
mation of the B-form. UnfortHnately we cannot dis- 
cuss the contamination of the C-form crystals less than 
5 wt%, because the limit of detection of polymoiph 
was approximately 5 wt% as described in the esperi- 
mental section. The slope of the straS^t line coire- 
sponds to the overall transformatioa rate constant k^. 
In Taljie 2, the values of detennined from each 
straight line were tabulated. The data were lepmeiented 
in Fignre 6. The values decreased with ^ iniciease 
in the concentration of AE1-923ME, bjit tiie decrease 
was not in direct proportioh of the concentration of 
AE1-923ME, but in exponential. 

The values obtained at SO°C in 60%-E solvent 
were also tabulated in Table 2. Those data show that 
the transformation at 50°C is slower than that at 60°C 




41 0,1 0.2 0.3 0.4 

Coneentwtioii of AE1-923ME C,^ [wt%] 



Fig. 6 Kelatiainship hetweea at 60°C and the cpncea- 
tralion of AB1-923ME. Straight line; ft. 
0.86EXp(C^, where is the concentration of 
AE1-923ME 



and the slow transformation is more strongly udiibited 
by AB l-923Jffi. Najftely the transformation at 5QPC is 
completely inha>ited by 0.2 wt% of AE1-923ME. while 
0.5 wt%at60°C. 

2.3 Determination of the process inhibited by AEl- 
923ME im the solverat-^mediated tr&nsformatlon 
of the B-fona to the C-forin 
As mentioned above, the solvent-mediated trans- 
fonnation of the B-form to the C-form prpcoads 
through three processes, the nucleation of tiie stable 
C-form, the crystal growth of the C-form and the 
dissolution of the raetastable B-formv Whichever the 
process is mhibited by AE1-923ME, the solvent- 
mediated transformation will not proceed. We exam- 
ined which process is inhibited by AE1-923ME. 

2.3.1 Digsolu tion ot the metastable B-forai crystals 
Figure 7 presents tbe dissolution curves of the 

B-fonn crystals in the presence and absence of 0.5 wt% 
of AE1-923N1E. The dissolution rate was not affected 
by AE1-923ME. The solution concentration in the pres- 
ence of 0.5 wt% of AE1-923ME reached tine solubility 
of the m^astable B-form crystals because of no trans- 
formation of the B-form to the C-form. On the other 
hand, the dissolution in the absence of AEI-923ME 
stopped at the solubility of the C-f omi crystals. It may 
be explained with the fact that a circumstance in the 
absence of AB1-923ME is favorable to the C-fonn. 
bideedpdymotph of the crystals recovered after 30 min 
WHS the C-form. At any rate, the dissolution test sug- 
gested that AE1-923ME inhibits the nucleation and/or 
crystal growtii of the C-form. 

2.3.2 The effect of AE1-923 MB on the nucleation and' 
g rowA of the C -fom CffStals In order to clarify 
the effect of AEI 9231VEE on the nucleation and growlh 
of the C-form crystals, an experiment was conducted, 
where the timing of AE 1-923MB addition to tihe slurry 



VOL. 37 NO. U 2304 



1229 




0 5 10 

Wif. 1 DisBolntipn of the B-fvna crystals iit 6QPC m the 
presence and ateence of 0.5 wt% AE1~923MB 
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Ftg. 8 The effect of the timing of the addition of AEl- 
923l¥lE to the sluny of the B-fomi crystals in the 
ti3o&foiniatioo of the B-f onn to the C-f orm in 60%- 
E solvent at 60°C. Addison timing: Case 1, before 
die B-fonp ciystals begfm to traBsform to the O 
ftjim crystals; Case 2, on the way of the teaoslw- 



of the B-foitn crystals waschamged. First, AE1-923MB 
was added before the B-fonn crystals began to trans- 
form to the C-form crystals (Case 1). Another addition 
was carried out on the way of transfonnatioa (Case 2). 
The experimental results Were presented in Figure d. 
When AE1-923ME of 0.5% was added before the 
B-form crystals began to transfonn to the C-fonn crys- 
tals, the transformation of the B-form crystals never 
proceecfcd. On the other hand, when AE 1-923ME was 
added after 20%-ttansforination, tite ttaflsfonnation of 
the B-fonn crystals continued to proceed, aitiiough the 
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' M 

F%. 9 The effect of the C-fonn seed crystals on the trans- 
formation of the B-fonn crystals in the presence of 
AE1-923ME in 60%-E solvent at 60°C 



transformation rate was slightly decreased. These re- 
sults mean that AEI-923ME does not inhibit the crys- 
tal growth of the C-fonn hut prfsfistenUsUy inhibits the 
nucleatioa of the .C-form crystals. In order to confirm 
this, another experiment was conducted as mentioned 
in the experimental section. Figure 9 shows the effect 
of the C-form seed cfystals on the transformation of 
the B-fonn crystals in the presence of AE1-923ME. 
When the largp seed <;iy8tai9 were used, the tranjifpr- 
mation of the B-form did not proceed. However, vrbsa 
the small seed crystals were used, the B-form crystals 
completely transformed to the C-form crystals, al- 
though the transformation rate was slow. This experi- 
ment confirmed the conclusion obtained in Figure 8 
that even when the C-form crystals are present in so- 
lution, their growth proceeds, regardless of the pres- 
ence of AE1-923ME. However, it is unknown why the 
large crystals were not active as seed crystals. Since 
as long as observed vrith ah optical microscope, size 
of the C-fbrm crystals obtained using somll seed crys- 
tals was almost the same as that of the crystals ob- 
tained in the absence of AE1-923ME, namely about 
16 fJxa, the limitation of growth may be present. 

Figure 10 shows the Arrhenius plots of the over- 
ail transformation rate constants obtained in the ab- 
sence and presence of 0. 1 wt% AB1-923ME. The acti- 
vation energy was determined to be 7S.0 kJ/moL Sincifc 
the rate-determining step of the transformation is the 
growth of the C-form crystals, dae activation energy 
determined should be that of the crystal growth of the 
C-form. The same value was obtained regardless of the 
absence and presence flfAEl-923ME. This is anqthei- 
evidence that AEJ-923IV|Qe does not inhibit the growlh 
of the C-form crystals. 
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Fig, 19 AiHieaius plott of the overall ti 

constants obtained in tiiA absence aad pissence of 
0.1 wt% A£1^923ME 
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CitncIuBioiits 

The effect of ixnjKirities on the gelveat-niediatpd 
trfuisfpnnalicBQ of piystel polyTOwphs of a dwg sub- 
stance ABl-923 was investigated, AEi-923 was devel^ 
oped for an iadicadon of pollakiuria and pain. It has 
three polymorphs, namely the unstable A-fonn, the 
Bietastable B-form and the stable C-form. 

An intermediate, AEl-9i23ME, in the syndiesis of 
AEl-923 inhibited the transfonnaticn] of the B-fonn 
crystals to the C-form crystals, but the transfonnatlon 
of Ibe A-fqrm to the B-from was not iiohibited. As men- 
tioned above, a solvent-mediated transftirmatiott prft- 
ceeds through three pnocesses, tba nucleatioii of the 
stable fDrm, the crystal growth of the stable form and 
the dissolution of the metastable form. AEl-923 ME of 
0.5 wt% completely iidiibited the nucleation of the sta- 
ble C-form prysfals. The results shown in Figures 8, 9, 
and 10 suggested that AEl-9i23ME does not iphifait flie 
crystal growflj of the C-form. 

the inhibitory effect of Affl -923MB was evalu- 
ated by the overall transfonnation rate constant i^. As 
a result, it was found that the inhibitory effect of AEl- 
923ME expoaentially increases with an increase in its 
concentration as shown in Figure 6. As long as the in- 
hibitory effect was evaluated with a minimum concen- 
tration of AEl-923 ME at which the transformation of 
the B-from to the C-form was completely mhibited^ 
the inhibitory effect at 50°C was larger than that at 

do^c. 
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Abstract: A combined modolsng asd eKperirnental stiaiBgy has been applied to the problem of stabilisation of a 
nwtastable canfoimatienBl polymorph. For the.first time additives have been successMly selected which by virtue 
of aeir confonnatioa are aJjleto selecdvely inhibit the appearance of the stable j8 polymorph of [^glutainic acid and 
hence stabilize the metasts4)le a stnictwe. 



Introduction 

Polymoiphistn, the ability of a molecule to adc^t more than 
one c^fstal Structure, is fUndaraentai to solid state chemistry' 
and is Ibtmd in many classes of molecular materi^s, for 
example, tri^yceridBB, sature^d and Amsaturated fetty acids, 
alkanes, aromatic w-bonded systems, amino acids, carbpxylic 
acids, and amides. Ft is thus of importanct across a wide mnge 
of industries including pharmaceuticals, healthcare, ^rochemi* 
oals, pigments, dyestufTs, and foods. Recent developments in 
computational techniques coupled with increased appreciation 
and paramfettrizatjon of intermolecular interactions have led to 
the availability of commercial software for the prediction of 
polymorphic crystal structures from molecular structures.^"* In 
terms of the developn»ent of robust processes for isolating 
polymoip*»iii materials a stmctural approach, however, is limited 
since it neglects the vital role of kinetics in determining tiie 
appearance of polymoiphic structures, a factor which O^ald 
recognized almost a century ago in bis famous Law of Stages:*-* 
Tephnoiogically this is crucial since these ^structural -wriants 
exhibit different physical properties which ate mfiected'iii crystal 
morphology, optical characteristics, mechanic! properties, and 
chemical reactivity. Thus solid-liquid separation, comminution, 
soiubility, particle flow, and formulation chaiactcristics will all 
be poiymorph dependent.'-* In some instances this allows 
polymotphism to be exploited such that the structure with 
properties appropriate for a particular formulation is isolated. 
In other cases the isolation of a new polymorph can threaten 
product specifications and radically change the status quo in 
the patent arena as in the recrait case of Zantae.' Despite this 
oiH- ability to manipulate the kinetic processes occuning during 
crystallization of polymorphic systems is ejOremely poor and 
limits the level of process control avaiiabte in high perfotmance 
t UMIST. 
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specialty chemical production. A recent analysis by Bernstein 
■ and Dunite"* has hj^ighted this issue by documenting a number 
of so-called "disappearing polymorphs", i,e., sadden appearances 
of new structures or the unexplained disappearances of existing 
ones. Sudi examples are almost certainly mirrored (although 
not dpcumented) by industrial practice and one can only 
speculate a live disasutjus cgnseqwences of a sadden unexplained 
switch of polymorph during the isolation of a high value 
specialty pioduct. 

Previous work aimed at conttoiling thfiipolymotphic outcome 
from crystallization processes has shown, on the one hand, how 
impurity induced twinning can inhibit a solid state tiansfbmna- 
tion and hence lead to the kinetic stabilization of a metaslable 
polymorph' • and. On the other hand, how additives may be used 
to inhibit the nucleation of unwanted polymorphic structures 
in crystallization from solution.'^''' The design of additives for 
the latter application was facilitated by gross differences in 
symmetry, one of the polymorphs belonging to a centric and 
the other to a noncentric space group. The current work 
explores further the use of additives in polymorph control by 
addressing the issue of conformational polymoqjhism.'^ The 
results presented here, on L-glutamic acid, dSmoiBtrate, for the 
first time, the possibility of designing additive molecules to 
selectively iiftibit the crystallizBlion of thfe more sfable poly- 
morph on 4e basis of conformational reeognttion, allowing 
kinetics to dominate the cryslaliijaticin process aud leading to 
the stabilization of a metastable phase. 

Ostwald's Law of stages, L-Gliitamie Acid, and Design 
Strategy 

Ostwald's Law of Stages* states simply that "when leaving 
an unstable state, a system does not seek out the most stable 
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Figure 1, The cotiformatioii of L-glutamic acid in (a) the a and (b) 
the jS crystal structure. The torsions ri and Xi are defined Tjy carbons 
2,3,4,5 and 3,4,5,6, respectively and have values of 59.3 and 68,3° in 
the a structure and -171.5 and -73.1° in the ^ structure. 

state, rather, the nearest metastable state which can be reached 
with loss of free energy". It has been shown previously that 
this law has no general proof, rather it is a special case of 
nucleation and growth in a polymorphic system.* For a system 
iti which two potytnorphs, I and JI, exist, adherence to this law 
requires that the initial mass fraction of crystals of form I in 
the product Is ctose to unity. This is only Hue when the prodiurt 
of the crystal nucleation rate, J, and the kinetic coefficient for 
crystal powth, 1, is lower fibr II, thfe more stable phase * viz. 

ThiB suggests llatthe appearance of different structures may 
be influenced by additives designed to interfens selecnvcly with 
either the nucleation or growth rates of a particular phase. 

In the case of L-glutamic acid two polymorphs are known, 
designated a and /?. The crystal structtire.<! are both orthor- 
hombic. f2|2|2i, with a = 1.0282, b = 0.8779„c = 0.7068 nm 
and a = 0.5159, b = 1.730, c = 0.6948 nm, respectively,'^-"' 
and crystals form with distinct rhombic and needle-hke mor- 
phologies. Molecules crystalliiie in their zwittenonic state with 
molecular packing of both forms dominated by intennoJecular 
hydrogen bonding" and electrostatic interactions, the most 
significant difference residing m the molecuiar conformations 
adopted in the two struaures. These are shown in Figure } 
which defines the two tOjsions, X\ and T2, and shows the 
rel attvely extended conformation from the structure compared 
to the more twisted a conformer. 

The phase diagram for the L-glutamic acid- water system has 
been measuiied previously'' and is Viiown to oc monotropit with 
the /S form the more stable at all measured temperatures. In 
aprcement widi Ostwald's Law it is known that crystallization 
results in the initial nucleation and growth of the metastable a 
phase at all temperatures. If these o ciystals ans separated from 
thctr mother liquor immediately after crystallization, the dry 
crystals are indcfinitclv stable: there is evidently no solid state 
route to the /? structure. If no separation is perfonned, bowever, 
a solvent-mediated triinsformation takes placc^'-^" m which a 
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Figure 2- The cdculated cuufumifltiniial map for L-alulauuc acid witli 
torsions Ti and tt as defined m Fisuie 1. I he location of a and /S 
confotmert are indicated. The TRIPOS force field was used, and the 
contour details are as ibUows: dashed Jines -4.0 to 4-5.0 kcafoiot 
with contour spacing of 0.5 kcal/mol; s<A\i Dnes -1-5.0 to +200 kcals/ 
mol with contour spacing of 10 kcal/mol. 

crvstals dissolve and j3 crystals grow ftom the mother liquor in 
a proce ss whose rale increases with temperature.'* 

The overall objective of this work has been to select additives 
which by virtue of their coirformation are able to selectively 
inhibit the oystaUization of and hence control the polymorphic 
mitcome of L-glulamic acid crystallization yielding only a 
crystals- The strategy for acbeving this objective has involved 
three separate tasks: firstly, simple conformational analysis 
aimed at establishing both the extent to which selected additives 
are likely to mirojc a and jS conformations and the degree to 
which the growth of L-glutamic acid itself is limited by the 
populations of appropnate conformers; secondly, the identifica- 
tion of the fastest growing faces of a and crystals since to 
stabilize the a phase an additive must selectively bind to and 
inhibit at least the fastest growing faces of ^ crystals without 
affcEting the fast growing faces of a crystals; and thirdly, an 
experimental protocol for testing the potency of additives in 
stabilizing the a polymorph relative to the more stable j3 
structure. 

Conformational Analysis 

As a guide to the likely populatiops of molecules jn a andjS 
conformations, conformationa! analyses of L-glutamicacid and 
additives employed were earned out at the molecular mechanics 
level using both DREIDING^' and TRIPOS^^ force fields. 
Published default parameters were used^'-^^ together with AMl^^ 
charges- The resultant conformational minima were validated 
using semi empirical molecular orbital calculations withm 
MOPAC.^^ In the case of L-glutamic acid conformational space, 
as defined by the torsions Ti and r->_ (defined in Figure 1), was 
seaiiched in 10° steps from 0 to 350°. ! he resulUiig map. Figure 
2, demonstrates that molecular conformations corresponding to 
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Table 1, Confoffliational Data" for L-Glutamic Acid and Additive 
Molecules 



Diplecute 


AEmim between aand 
j5 conformed (kcal mol"') 


confoimatimi 




-0.2 


45 


^tari? acid 


1 


80 


2-iliiethyl^ataric m4 


1.5 


90 


tfansglutaconjc scid 


-7^5 


0 



•Calculated using DIREipiNG force field. 



f^B a and ^ structures represent energy minima^ conneeted by 
a low enei^ pattiway involving rotetion mostly around ri. Large 
^iieas of tonfonnationsl space are imavaikbf e, and it is clear 
that while the a conformation lies in a localized minimum the 
P ooTiformation lies in valley mnmng paralip,! to the Zi Knis 
allowing it torsional freedom in this region at lilfle energetic 
expetise. The carboxylate groups of the additive molecttles were 
fixed according to the a and ^ conformations and rotafioij 
aroimd r\ and xj employed to transform molecules between 
confonnations. The torsional energy was monitored, and the 
barrier heights in each direction were estimated in order to 
evaluate the difference in torsional energy between forms- The 
results of this analysis are shown in Table 1 where the relatSve 
Boltzfnann populafians of the two eoflformational states have 
also been estimated. In the case of the L-^utamic acid 
zwitterion the 0 conformation is the more stable with an 
activation barrier pf 2.6 kcal mol"' for transforming a to /S. 
This is consistent with the known solution chemistry of the 
system" and the crystallization characteristics discussed above 
in which it thus seems that conformational barriers are unlikely 
to be rate limiting and hence that molecules joining a growing 
surface of either phase are those already in the appropriate 
conformation. This is an important conclusion since it gives 
credence to the notion that additive selectivity may be based 
on conformational mimics of the two forms. 

Additive Selection 

The additives were selected on the basis of the morphological 
data which defined the fastest growing faces of each form (see 
below) and comprised four 1 ,5-dicarboxyhc acids: glutaric 
(HOOC(CH2)3COOH), 2-niethylglutaric (HOOCCH(CH3)(CH2)r 
COOH), transglutaconic (HOOCCH2(HC=CH)CO0H), and 
trimesic (1 ,3,5-^ben2enetricarboxylic acid) acids, judged to have 
increasingly rigid conformations. Table 1 summarises the 
results of the simple conformational analyses described abgve. 
Hese are consistent with this judgment, indicating the prefer- 
ence of glutaric and 2-methy!^utaric acids for the a conforma- 
tion, while decreased torsional flexibility imposed by the double 
bond predisposes transglutaconic acid to the fi conformation. 
In the case of trimesic acid the rigid nature of the aromatic link 
precludes rotation along ti so that the a conformation is 
inaccessible, and, as shown in Figure 3, trimesic acid mimics 
closely the conformation. This is supported by Table 2 which 
compares the distances between carbon and oxygen atoms in 
the carboxylate groups of trimesic acid, taken from the crystal 
structure^ with the equivalent distances in the two glutamic 
acid confbrmers. Thus, the overall predictions of the effects 
of these additives, based on the extent to which they are able 
to mimic the a and conformations, are that giutaric and 
2"methylglutaric acids should show minimal selectivity between 
the polymorphs with a possible preference for the a fonn, while 
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FIgnra 3. Compad^on of tdinesic heid and ^ glutamic acid conA>nna- 
^tioQS. piistanws between labeled atoms are given in Table 2, 

Table 2. Geometric Comparison of Carboxylate S^arations in 

Trimesic and l-Glutainic Acids' 

-Ci—C,- -On -Oil- -O12-O22- 

molecule distance (nm) distance (nm) distance (nm) 
Trimesic add" OS 0.71 OUis 

a-L-gltSaniicairfd 0.382 Q.57S 0.335 

jS-L^ghiiamicaoid 0.469 0.664 0.479 

• See Figure 3 for atom numbwing. 

transglutacoiuc and tiimestc acids which are present exclusively 
In the j8 conformation should selectively inhibit the ciystalliza- 
tion of the 0 phase, thus stabilizing the metastable a structure, 
Trimesic acid is expected to show an enhanced effect compared 
to transglutaconic acid both due to its increased torsional rigidity 
and its aromatic ring which will offer a greater steric barrier to 
crystal growth. 

Experimentsd Seetlon 

Using previous woik as a guide'' " experimental protoAols were 
developed in which crystallization iiom aqueauB solutions yielded 
crystals of the t«ra polynntphic forms eidier as pure phases or mixtures. 
Thus pure tt was prepared by seeding a 20 g/L aepaous solution at 1 8 
°C, pure /! was obtained by unseeded cryslall'^atiott of a 35 g/L aquenus 
siibxtiwi at 38 °C. and a mixture of fontls was obtained from a 45 g/L 
solution ctystaJli^ed at 4S "C. Ciystallizations were canied out in 
theraiostated glass vessels al the isoelectric pH (3.2) both unstjntied 
and with gentle (magnetic) stiiring. Additives (ex Sigma and Aldrich) 
were added prior to crystallization. For^tl the compositiona lused, the 
starting sohitions were supersaturated with respect to both phases, and, 
as expected, in ail experiments a was the first phase to ippeat. In 
.order to assess the ability of additives to stabilize the a stnjcture the 
ovaall a.-* P transfomiation times were estimated at both 3S and 45 
by sampling and using combined X-ray diffraction and optical 
microscopy." A few transfomiation experiments were perfpmied in 
an unstirred temperature controlled microscope cell in order to observe 
she process in situ. 

Large (1 mm) crystals of each form were grown from imstiired 
solutions, and their moiphologies were determined by a ciHnbinatlon 
of X-ray oscillation photography and optical gcmiometiy in order to 
define the ciystal surfapes of interest and detennine the inoipholagpcal 
effects of additives. 

Results 

Pure Morphologies: Identification of Fastest Growth 
Directions. Figure 4a,b shows examples of a crystals grown 
at 18 "C and 0 crystals grown at 3S "C. a Crystals always 
grew as single well-formed Aombs, whilst^ crystals tended to 
nucleate and grow as clusters of fragile needles. The indexed 
morphologies are shown diagrammatically and allow the 
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Figure 4. The morphologies (experimental and diagTittunatiC) of fX an 
jmlution, (b) p ctystds grown iftom pure aqueoMS solution, (c) ct crystal! 
grown in the presence of trans^utaconk or tf irtiesic acids. 

identification of the fastest growirig crystal lograpJiic directions 
as {1)1} in a and {101} in 

Conformational Discrimination and Selection of Additives. 
The mpiecular packings in these fast gjxjwing sujfaees are shown 
in Figure 5a,b" and it is based on the information held within 
Apse surfeces fh^t discriminatory additives were selected for 
fte stabiIi2atioii of the a form. Th\& was based on the reasoning 



d jJ crystals of L-glutpmic acid: <a) a prystals grown from pun: aqueous 
grown In the presence of glutaric or metfiyl glutaric acids, <d) a crystals 

described above that to prevent the appearance of a particular 
polymorph it is essential to inhibit at least its fastest growth 
directions. In both sets of faces there are four mpiecular 
orientations with inteimolecular hydrogen bonds between 
— NHa''', —COO", and COOH functionalities creating a two 

(27) Ali packing diagrams wett v 
modeling software, MSI/ Biosym Inc 
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Figure 5. Molecular raodeling of crystal surfaces: <a) the {1 1 1} and 
{111} surfaces of a L-glutomic acid, (b) the {10!} suiftccs of 0 
L-glutamic acid,(c) triipesic Mid occupying a site . on the (101) surface 
of jS L-glut»mic acid, (d) trimesic Acid bound to the {1 10} surface of 
a L-glatamtc acid. 
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Stability of fte Forai of L-Glutamic Acid 





tinieibra 
to appear 
(mhi) 


stability 
of(l{-> 


aspect ratio 
ofJjKySals 


length of 
eiys^ls along 
fOOll(/tnr) 


^utaiicacid 
2-niethy IgJutaric acid 
liaissghiilacomcacid 


:S 
2b 
30 
50 


2 
3 
10 
!000 


l;4 

1:3 
1:5 
1:2 
1;1 


40-45 
lO-K 
10-15 
13-18 

6-9 



"The relative stability of a has be«i deSned as time taken for 75% 
cwiversion to ;S Sn presence of addtfive/time taken for 75% conversion 
to ^ ill pui9 solution. 



dimenfiSonal iietwoik parallel to the surface. It is this feature 
which makes conforraatipnal dsscrimination possible since it 
precludes surfaces of one confomiation from acceptitig mol- 
ecules of the other and means that the requirement for any 
suocesafy additive molecale is that it should have fte appropri- 
ate conformation ajsd ofi entering the surfece should be capable 
of taking part in the hydrogen bonding netwprk with mininiutn 
disruption. To achieve this die 1 ,5-dicaA6XyIic acids described 
above wete selectetf as additives. Such molecules, lacking die 
protonaJed amino group, would clearly be capable of entering 
the growing surfaces only in sites at which the amino group 
plays little or no rdein_^e in-plane hydrogen bonding networks. 
For the {M I} and {1 iT} surfaces of a (which comprise two 
sets of TOHiequivaleiYt Fiiedei pairs) only the molecule in position 
t (Figure 5a) on the {1 1 1} faces represents such a site, while 
for the {101} faces of ^ the equivalent site is defined by 
molecule 2 (Figure 5b). In both sites a l.S-dicarhoxylic acid 
of appropriate confomiation could enter the surface with its 
catboxyl functionalities substituting for those of glutamic acid. 
The missing amino group would not be noticed until the next 
growth layer were laid down when its absence, or substitution 
for a bulkier moiety, would disrupt and inhibit growth. In this 
way it becomes dear that the 1,5-dicarboxylic acids selectee^ 
being of incipasingly rigid and ff-like conformation should be 
able to selectively prevent the growth of crystals and hence 
stabilize the a phase. Figute Sc, cpnstnipted simply on tfie basis 
of a geom^c fit, illustrates 8ie Bxpeoied incotporation of 
trimesic acid into the (101) face of the 0 sltucture, showing 
how the earboxylated phenyl ring points out into the stilution 
to disrupt the addition of farther L-glutamic acid molecules and 
inhibit growth. Further, tho?e additives capable of accessing 
a conformations should influence only { 11 1 } and not { 11 1 } 
faces of a crystals giving rise to polar morphologies. 

Experimental Verification. To test these predictions experi- 
ments were performed using the protocols described above to 
determine the effects of these additives on the appearance, 
stability, and morphologies of the individual polymorphic forms. 
The results of experiments performed in stirred vessels at 38 
"C with 10 mo)% of additive are summarized in Table 3 which 
records four aspects of the crystallization process; the time taken 
for the initial appearance of a crystals, the stability of these a 
crystals in terms of their rate of transfonnation to the ^ stmcfcre, 
the a:c aspect ratio, and size of the final crystals. A number 
of factors are clear from these data. 

Firstly, all these additives have some influence on the 
crystallization of a with nucleation delayed significantly 
compared to pure solution. This influence was confirmed by 
examining the morphologies of a crystals grown at 18 and 38 
°C in the presence of the additives. As expected, with glutaric 
and 2-methy]glularic acids crystals developed an increasingly 
polar motphoJogy. At 10 mol% they appeared as pyramids 
(FiguK! 4c), in which only one set of the Ftiedel opposites {111} 
were present. This confirms that these molecules do indeed 
only access the surface site indicated in Figure 5a, repliacing 
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100 microns 

Figure 6. Time lapse rnicragiaptis of the a ^ solution mediated 
phase transiUon (a) (upper kft, 20 min; upper right, 90 min; lower 
left, 150 min; lavwsr right, 220 min) in pure sohttipn asA (b) (i^per 
left, 35 niin; upper right, 60 mifl; loww left; 1 weelt; lower ri^ 3 
vweks) in tb? presence of 10% trijneap acid. 

glutamic acid molecules by virtue of their ability to ad^t a-lilse 
confortnatioiis. In the presence of transglutacotiit and trimesie 
acids, however, a crystals displaysd a morphdiogy (Figure 4d) 
in which the previously unobserved {110} feces .appeared. This 
unexpected result is consistent with the bindii^ of these additive 
molecules to carboxylic add groups of adjacent surface glufarmc 
acid molecules whose separaiion (0.71 nm) can only be mstched 
when the additive molecules adopt the conformation. This 
is shown in Figure 5d for trimesie acid. Thus, on the basis of 
the morphological modification of a atone thie^xpeeted con- 
formational states of the additives are confinned although their 
interactions with the a structure are more complex than 
predicted, heing modified by binding to {1 10} surfaces. 

Secondly it is clear from Table 3 that the major thesis of this 
study is proven, namely that additives which mimic the 
conformation of molecules in the thermodynamically stable 
structure are able to kineticalty stabilize the ijictastable poly- 
morph. Thus, in a pure, stirred, L-glutamic acid solution at 38 
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°C most of tlie a crystals have di.sappeared after 35 mm \o be 
replaced by ^. This Itaiisfonination tmie is equivaiem to a 
relative stabilitv of unity as defined by Table 3, With glutanc 
and 2-methylg]utanc acids which can access both a and jS 
coTiformations the selectivity between the polymorphs is limited, 
and this time is merely doubled. For transglutaconio and 
trimesie acids however, it is extended by an order of magnitude 
and for up to 3 weeks, respectively, as expected m view of their 
strong preference for the ;8 conformation and the relatively larger 
steric barrier to crystal growth offered by tnmesic acid, h sfture 
6 shows two sequences of tune-lapse pliotomicrograpliis taken 
during tJifi solution mediated a ^ transformation m pure 
unstirred solution and in a stirred solution containing 10% 
trimesie acid. For the pure system (Figms 6a) both rhombic, 
a, and needle, jS, crystals are present aflter 20 nun, and the 
sequential photographs focus on a central a rfionA which has 
grown to a size of about 100 fim after 90 mm. Subsequent 
dissolution yields the situation after 220 min in which this a 
crystal has reduced in size and adopted a rounded morphology 
typical of a dissolving crystal, whde the ^ cry sleits continue to 
grow. When trimesie acid is present (Figure fib), no needles 
are evident even affer a week. Ihe a ciystals exhibit a modified 
morphology with the surface rounding due to dissolution only 
being evidence after 1 week. The final p product crystals are 
shown afler 3 weeks to be small isometric crystals. 

In the absence of stimng the effect of tnmesic acid is 
diamatically enhanced with nq evidence of j8 crystals after one 
month. The resulting jS ciystals show some decrease in size 
but no change in morphology in the presence of glutanc and 
2-methylglutanc acids, while for transglutacomc and tnmesic 
acids the ax aspect ratio is decreased, and the crystal sizes are 
significantly smaller. This confirms that, as expected (Figure 
5c) these additives attack the {101} surfaces, becoming more 
effective with increasing conformational ngidity. The decrease 
in size suggests that some changes in nucleation rate have taken 
place. Further studies on tnmesic acid diowed U to be active 
in preventing the appearance of ctystals for 1 week at levels 
as low as O.l mol% at 38 "C, while at 48 "C a 10% loading 
stabilizes a for a period in excess of 3 days. 

Conclusions 

Overall the results mirror well the predictions and serve as a 
powerful demonstration of the importance of molecular icepgni' 
tion at crystal suffices in determining the outcome of the 
supramoleeuJar assembly process operating in polymorphic 
systems. The possibility of using eonformational mimicry to 
stabilire metastable structures of conformational polymoiphs 
has been demonstrated for the first time and offers now a 
powerful too! in the development of robust procesie), in 
polymorphic systems. It is particularly gratifying and an 
indication of the predictive power of this strategy that the 
additives reported here were not found by a trial and error 
approaeh: thi^ were the only ones selected for this task. 
Finally, it ig noted that attempts to select additives which mimic 
the a conformation and hence lead to direct crystallization of 
p and nonadherence to Ostwald's law were unsuceessfill. 
Despite searching the Cambridge Crystallographic Database it 
did not prove possible to find a molecyle with suffipient rigidity 
to mimic only the a conformation. 
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